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Abstract
Short stress management interventions such as relaxation therapy have demonstrated pre-
liminary effectiveness in reducing stress-related problems. A promising tool to strengthen
the effectiveness of relaxation-based interventions is the use of verbal suggestions, as pre-
vious research provided evidence that verbal suggestions can induce positive outcome
expectancies, facilitate adaptive responses to stress and improve health outcomes. The
present experimental proof-of-concept study aimed to investigate the effects of a brief relax-
ation intervention and specifically the role of verbal suggestions on stress-related outcomes
assessed by self-report questionnaires and psychophysiological data. 120 participants
(mean age = 22.1 years) were randomized to one of four intervention conditions: a brief
relaxation intervention plus verbal suggestions condition, a brief relaxation intervention only
condition, a verbal suggestions only condition, and a control condition. Afterwards, partici-
pants were subjected to a psychosocial stress challenge to assess reactivity to a stressful
event. Immediately after both relaxation interventions (with and without verbal suggestions),
lower self-reported state anxiety was found compared to the control condition, but no differ-
ences were observed in response to the stressor. The verbal suggestions only condition did
not impact state anxiety. No significant effects were found for verbal suggestion interven-
tions on cortisol, alpha amylase, heart rate and skin conductance. This is the first study
investigating the role of verbal suggestions in the effectiveness of a brief relaxation interven-
tion. Although this experimental proof-of-concept study provides support for the effective-
ness of a brief relaxation intervention in lowering state anxiety directly after the intervention,
the effects did not impact the response to a subsequent stressor and we did not observe
any evidence for the add-on effectiveness of verbal suggestions. The effectiveness of brief
relaxation interventions on stress responses should be investigated further in future
research by incorporating interventions that are tailored to the specific stress challenge and
various types of verbal suggestions.
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Introduction
Accumulating findings demonstrate that intense acute stress and prolonged experienced stress
can have adverse effects on health [1, 2]. Stress management interventions have demonstrated
to be effective in reducing stress and are considered beneficial for health [3, 4]. Relaxation ther-
apy, i.e., learning to focus on arousal reduction by releasing muscle tension [5], is one of the
most commonly used types of stress management interventions [4, 6]. Most relaxation inter-
ventions involve multiple sessions, but there is also some initial support for the effectiveness of
brief (2 to 3 sessions) interventions [7, 8]. One study even found preliminary evidence for the
effectiveness of a relaxation intervention during one single session of 15–20 minutes in reduc-
ing acute distress [9]. To improve the effectiveness of relaxation-based interventions, it might
be useful to investigate potential factors that influence the effects of brief interventions for the
treatment of stress consequences.
Verbal suggestions are a promising tool to strengthen the effectiveness of relaxation-based
interventions, as it has been argued that expectancies towards the outcomes of interventions,
e.g., expecting beforehand that an intervention will result in a reduction of stress, might
strongly moderate the effects of (stress management) interventions. Because verbal suggestions
are thought to provide a good way to steer outcome expectancies [10], they might improve
outcomes of relaxation-based interventions. The effectiveness of verbal suggestions is not yet
investigated in the context of stress management interventions. However, it has already been
shown that verbal suggestions by themselves can alter stress responses. Two experimental stud-
ies showed that verbal suggestions regarding biofeedback responses (i.e., informing partici-
pants that they have a high heartbeat and are aroused, or that they have a calm heartbeat and
are relaxed) altered their psychophysiological stress responses, in that participants became
more aroused after being provided with verbal suggestions [11, 12]. In addition, studies in the
placebo literature have provided strong evidence that verbal suggestions can result in symptom
relief in several psychiatric and non-psychiatric conditions, as well as somatic conditions [13,
14]. For instance, a study of Skvortsova and colleagues (2018) found that verbal suggestions
can reduce levels of self-reported pain [15]. Since enhanced outcome expectancies through
verbal suggestions can influence psychobiological stress responses as well as various somatic
symptoms, they may possibly also effectively optimize the effectiveness of a short stress man-
agement intervention. We therefore investigated whether verbal suggestions can strengthen
the effects of a relaxation intervention by adding those verbal suggestions onto the relaxation
intervention.
The present experimental proof-of-concept study investigates the effects of a brief relaxa-
tion intervention based on a single session on stress-related outcomes and more specifically
assesses whether verbal suggestions can optimize these effects. Participants between 18 and 35
years of age were randomized to one of four conditions: a brief relaxation intervention plus
verbal suggestions condition, a brief relaxation intervention only condition, a verbal sugges-
tions only condition, and a control condition without any relaxation practice or verbal sugges-
tions. As the aim of the brief relaxation intervention and the verbal suggestions is to optimize
coping with everyday life stressors, it is interesting to investigate the effectiveness of these
interventions on stress-related outcomes by exposing people to a well-validated real-life psy-
chosocial stress challenge and subsequently evaluate the stress response. We therefore admin-
istered a validated stress challenge test to all participants. First of all, we examined whether
participants in the brief relaxation intervention conditions (with or without verbal sugges-
tions) would show less self-reported state anxiety immediately after the intervention, as well as
directly and multiple time points after the stress challenge, compared to the control condition.
In case of significant group differences, it was furthermore examined whether (1) the brief
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relaxation intervention plus verbal suggestions condition outperforms the brief relaxation
intervention only condition, and (2) the verbal suggestions only condition outperforms the
control condition. Subsequently, we studied effects for secondary self-reported and psycho-
physiological outcomes, including self-reported well-being, self-reported positive and negative
affect, salivary cortisol and alpha-amylase, as well as heart rate and skin conductance.
Methods
Ethics statement
The protocol was approved by the local psychological ethics committee of Leiden University
(registration code: CEP17-0102/1). Preregistration of the study was done at the Netherlands
Trial Register (registration code: NTR6392) and the study was performed according to the
Declaration of Helsinki (2013).
Design
The present study used a randomized experimental study design. Based on a 1:1:1:1 allocation
ratio, participants were randomized to one of the four conditions (see above), stratified for
gender. The randomization procedure was based on block randomization (block size = 12),
generated by an online random number generator (www.random.org). Since stratification of
gender was determined over blocks and not specifically over conditions, this resulted in non-
significant differences in number of females and males over groups. During the experiment,
participants were blinded for the allocation to one of four different conditions.
Participants
Participants were recruited by written and online flyers that were distributed from March to
June 2017 at Leiden University. Inclusion criteria were: (1) being fluent in Dutch and (2) being
between 18 and 35 years old. Exclusion criteria were: (a) severe somatic or psychiatric condi-
tions (e.g., chronic somatic diseases that affect daily life or Diagnostic and Statistical Manual of
Mental Disorders-Fourth Edition Text Revision [DSM-IV-TR] psychiatric disorders) interfer-
ing with the study protocol, (b) current or recent (< 3 months ago) stressful life events inter-
fering with daily life, and/or (c) heavy drug or alcohol (� 3 units a day) use.
Experimental conditions and control condition
In both relaxation intervention conditions, i.e., with and without verbal suggestions, partici-
pants were provided with two brief relaxation exercises and participants were told that they
would perform two relaxation exercises with a short break in between the exercises. Partici-
pants were instructed to sit upright in their chair with their feet on the ground and their arms
resting on their thighs or on the seat rests. Subsequently, the experimenter provided the partic-
ipant with Sennheiser HD201headphones and instructed them to start the audio file when
they were ready to listen to the relaxation exercises. The experimenter then left the room. The
first relaxation exercise focused on progressive muscle relaxation and led participants through
a series of practices to tense and relax various muscle groups throughout the whole body. This
relaxation exercise took around 16 minutes. Thirty seconds after the end of the first exercise,
the second visual imagery-based relaxation exercise automatically started, which was focused
on visualization of optimal health. Participants had to visualize that they were feeling healthy
and full of energy, and that their body was in an optimal condition. This intervention took
around 5 minutes. Total duration of the relaxation intervention was 20–25 minutes.
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The verbal suggestions focused on the effectiveness of the relaxation intervention in per-
forming the follow-up challenge test with the aim to facilitate more positive outcome expectan-
cies for this task and yielded some cues for better performance on this task. More specifically,
the experimenter provided participants with the following verbal suggestions (translated from
Dutch):
“In a moment, you will complete some tasks, including an arithmetic task. Prior research has
shown that you can complete those tasks better when you relax by:
1. Sitting as restful and relaxed as possible;
2. Keeping in mind that your respiration has to be restful and regular, calm and relaxed.
It is important that you keep this information in mind. You need this information in order to
perform well on the tasks. Therefore, be careful not to forget these instructions.”
In the brief relaxation intervention plus verbal suggestions condition, participants were first
provided with the verbal suggestions followed by the relaxation intervention. In the verbal sug-
gestions only condition, participants did not receive the relaxation exercises, but were exposed
to the stress task directly after receiving the verbal suggestions.
In the control condition, participants completed several neutral word finding puzzles for 25
minutes before they were exposed to the TSST.
Psychosocial stress challenge
In order to provide participants with a psychosocial stress challenge, participants were sub-
jected to the TSST [16]. This validated and commonly used task contains a mock job interview
and a mental arithmetic task, which have to be performed in front of a two-member panel of
judges. In order to induce anticipatory stress, participants were given 5 minutes to prepare a
presentation about their preferred future job position. Subsequently, participants had to pres-
ent themselves in front of a two-member panel of judges. During the presentation, the panel
members pretended to take notes and asked some critical questions without providing any
personal feedback to the participants. Also, participants were informed that the presentation
was recorded with a video-camera and a voice recorder. After 6 minutes, participants were
instructed to count backwards in steps of 17 from 1965 to 0. When participants provided the
wrong answer or did not answer fast enough, they were told to start over again from 1965.
After 2 minutes, all participants were told that they made too many mistakes or that they
responded too slowly and that they would be provided with an ‘easier’ task (count backwards
in steps of 13 from 1687 to 0), which actually reflected the same level of difficulty. The duration
of this mental arithmetic part was 4 minutes and the total TSST procedure took around 15
minutes. This task has been found to reliably induce psychological, neuroendocrine, and auto-
nomic nervous system responses [17, 18].
Self-reported outcomes
To control for chronic stress, we included the Perceived Stress Scale (PSS) [19]. Participants
completed 10 items concerning feelings and thought of the 4 last weeks on a 5-point scale
ranging from 1 (never) to 5 (very often), with higher scores representing higher perceived
stress. The PSS was found to have a good internal reliability in previous literature (Cronbach’s
alpha = .85) [20], as well as in the present study (Cronbach’s alpha = .83).
Optimizing state anxiety through a relaxation intervention and verbal suggestions
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State anxiety. State anxiety was measured by the short state version of the State Trait Anx-
iety Inventory (STAI-S-s) [21]. Participants completed 6 items on a 4-point scale ranging from
1 (not at all) to 4 (very much), such as ‘I am tense’. Scores on this scale can range from 6 to 24,
with higher scores representing higher state anxiety. The Dutch translation was found to have
a good internal reliability in previous literature (Cronbach’s alpha = .90) [22], as well as in the
present study (Cronbach’s alpha = .78).
Well-being. Self-reported well-being was measured by a Numeric Rating Scale (NRS)
[23]. Participants completed 7 items on an 11-point rating scale ranging from 0 (not at all) to
10 (very much), such as ‘How calm do you feel at this moment?’. Total scores on this scale can
range from 0 to 70, with higher scores representing higher well-being. The NRS was found to
have a good internal reliability in the present study (Cronbach’s alpha = .86).
Positive and negative affect. In addition, a Dutch version of the Positive and Negative
Affect Schedule (PANAS) was used in order to measure affect [24]. Participants completed 20
items on a 5-point scale ranging from 1 (barely or totally not) to 5 (very), such as ‘inspired’ or
‘nervous’. For each scale, scores can range from 10 to 50 with higher scores on the positive
affect scale indicating higher self-reported positive affect and higher scores on the negative
affect scale indicating higher negative affect. The PANAS was found to have a good internal
reliability in previous literature (Cronbach’s alpha positive affect scale = .88; Cronbach’s alpha
negative affect scale = .87) [25], as well as in the present study (Cronbach’s alpha positive affect
scale = .85; Cronbach’s alpha negative affect scale = .72).
Psychophysiological outcomes
Cortisol and alpha-amylase. Saliva samples were collected with Sarstedt salivettes (Sar-
stedt, Germany) in order to measure cortisol and alpha-amylase. Saliva was separated from the
cotton swab by centrifugation and stored at -80˚C until analyzed. Cortisol was determined
with a competitive electrochemiluminescence immunoassay ECLIA using a Modular Analytics
E602 immunoassay analyzer on the Roche Cobas 8000 from Roche Diagnostics (Mannheim,
Germany). Determination of salivary alpha-amylase was performed using a colorimetric
method with Ethylidene Protected Substrate (EPS) on the Roche Cobas 8000 C702 and C502
(Mannheim, Germany).
Heart rate and skin conductance. Heart rate and skin conductance levels were measured
continuously with a BIOPAC MP150 system using Acknowledge software version 4.4.1. The
electrocardiogram (ECG) signal was recorded with an ECG100C module set at 1000Hz. The
gain was set at 1000, the high pass filter was set at 0.05Hz and the low pass filter was set at
35Hz. For skin conductance level, Ag/Agcl electrodes were attached at the medial phalange of
the index and middle finger of the non-dominant hand. Skin conductance was measured
using a GSR100C module set at 1000Hz with a gain of 5μƱ/V and a low pass filter at 10Hz.
The Physio Data Toolbox Version 0.1 [26] was used for visual inspection of the data as well as
for calculating the mean heart rate and skin conductance levels for each of the specific time
points. Due to technical problems, data of skin conductance were not reliable for 4 participants
and a substantial number of artifacts (e.g., extra systoles, frequent movements during the mea-
surements) in the heart rate data was found for 5 participants, resulting in exclusion of those
data from further data analyses.
Procedure
Prior to participation, participants were informed that the experiment was about attention
processes and arithmetic skills, without providing further information on the actual study pur-
pose. Participants provided written informed consent. Next, several online questionnaires
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probing the eligibility criteria, demographics, and participant characteristics not related to the
present study aim were completed. If participants were eligible to participate in the study, they
were invited for a single lab session that took place at the Faculty of Social and Behavioural Sci-
ences of Leiden University, the Netherlands. Participants were instructed to refrain from using
alcohol and drugs 24 hours before the lab session, to refrain from heavy physical activity start-
ing from the evening before the lab session, and to refrain from consuming caffeine, smoking,
and consuming warm meals 2 hours before the lab session. All lab sessions were planned in
the afternoon, in order to limit the influence of the cortisol awakening response on the neuro-
endocrine measures.
At the start of the lab session, baseline self-reported perceived stress, state anxiety, well-
being, and positive and negative affect were assessed. Thereafter, participants were connected
to the equipment during the whole lab session, in order to measure resting state heart rate and
skin conductance continuously. In addition, heart rate and skin conductance were also mea-
sured in resting state for 5 minutes at 5 different time points: baseline, after the intervention,
directly after the TSST, and 10 and 20 minutes after the TSST. For all those measurements,
participants were instructed to sit quietly and to move as little as possible. For the saliva sam-
pling, participants were asked to hold the cotton swab in their mouth for one minute and to
move it around without chewing on it, since less saliva will remain in the cotton swab after
chewing on it. Thereafter, participants were randomized to one of four conditions and
received the relaxation or control exercises and/or verbal suggestion, followed by completion
of the questionnaires and psychophysiological measures (2nd measurement). Subsequently,
participants were exposed to the TSST. Directly after the TSST, as well as 10 and 20 minutes
afterwards, participants again completed the questionnaires and the psychophysiological mea-
sures (3rd, 4th, and 5th measurement). At the end of the session, participants were debriefed
about the actual study purpose and were requested not to provide information about the actual
study aim to future participants. The total study duration was about 2 hours and participants
received compensation for their participation (€15 or course credits).
Data preparation and statistical analyses
Based on a previous study on the effectiveness of a brief stress management intervention on
state anxiety, an effect size around f = .27 was expected [9]. A sample size of 30 participants in
each condition (total 120 participants) allowed sufficient statistical power (power = .80) to
detect this effect size with α = .05, as calculated by G�power 3.1 [27].
IBM SPSS Statistics for Windows (Version 23; IBM Corporation, Armonk, NY, USA) was
used to analyze the data with a two-tailed significance level (α = .05). To test the primary
hypothesis that a brief relaxation intervention, with or without verbal suggestions, would result
in decreased self-reported state anxiety, mixed repeated measures analyses of variance (RM
ANOVAs) were conducted with the within-subjects factor Time (i.e., 5 levels: baseline, post-
intervention, and post-, 10 min, and 20 min after TSST) and the between-subjects factor Type
of Manipulation (both relaxation intervention conditions vs. control) [28]. A check on the
stressfulness of the TSST was performed by examining the significance of the factor Time was
performed before the primary outcome of interest, i.e., the interaction effect of Time and Type
of Manipulation. To examine at which time point(s) groups differed on state anxiety when a
significant interaction effect was found between Time and Type of Manipulation, Holm’s cor-
rected ANOVAs were performed to compare both relaxation intervention conditions with the
control condition at specific time intervals by calculating difference scores between baseline
and each of the other time points. Next, to further investigate the role of verbal suggestions,
Holm’s corrected pairwise comparisons were performed on the time intervals that indicated
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significant differences to compare all four conditions separately. To investigate the effects of
the relaxation intervention, with or without verbal suggestions, for the secondary self-reported
outcomes well-being and positive and negative affect, analyses were performed in a similar
way as for self-reported state anxiety. For heart rate and skin conductance, the analyses were
performed in a similar way as described above, although the within-subjects factor Time con-
tained 7 time points instead of 5 (i.e., baseline, during manipulation, after manipulation, dur-
ing TSST, after TSST, 10 min after TSST, and 20 min after TSST). For cortisol and alpha-
amylase, the area under the curve was calculated with respect to the ground (AUCg), irrespec-
tive of the time distance between measurement points [29]. To test the effects on AUCg cortisol
and alpha-amylase, between-subjects ANOVAs (with the between-subjects factor Type of
Manipulation) and subsequent pairwise comparisons were performed in a similar way as
described above (without the within-subjects factor Time).
Results
Participant characteristics
See Fig 1 for the flowchart of the present study. Of the 149 participants who completed the
online questionnaire, 131 were found eligible to participate in the present study. Eleven partic-
ipants did not show up for the planned lab session, resulting in 120 participants (97 women;
80.8%) with a mean age of 22.1 years (SD = 2.3; range = 18–29) who completed the present
study (30 in each condition). One participant (in the brief relaxation plus verbal suggestions
condition) aborted the study after completion of the TSST and therefore, data of this partici-
pant are only available until completion of the TSST. Baseline characteristics of all participants
are presented in Table 1. No significant group differences were found on demographics and
baseline levels of the self-reported and psychophysiological outcome measures, as indicated by
separate ANOVAs (all p> .05).
State anxiety
The results for self-reported state anxiety are presented in Fig 2. A significant main effect of
Time was found (F(2.76, 240.12) = 63.63, p< .001, n2 = .42), indicating that the TSST was
effective in increasing self-reported state anxiety (see Fig 2). In addition, we observed a signifi-
cant interaction effect between Time and Type of Manipulation (F(2.76, 240.12) = 7.65, p<
.001, n2 = .08), indicating lower self-reported state anxiety after the condition for both inter-
vention conditions combined (with and without verbal suggestions) compared to the control
condition (see Fig 2). Holm’s corrected ANOVAs showed a significant difference between the
combined intervention groups and the control condition post-intervention (F(1, 88) = 10.56,
p adjusted< .01, n2 = .11). When investigating all four groups on this time interval, Holm’s
corrected pairwise comparisons showed significantly smaller increase in state anxiety from
baseline to post-intervention state anxiety in both the brief relaxation intervention plus verbal
suggestions condition (M = -1.03, SD = 2.62; t(58) = 3.07, p adjusted = .018) and the brief relax-
ation intervention only condition (M = -0.80, SD = 2.71; t(58) = 2.66, p adjusted = .050) as
compared to the control condition (M = 0.93, SD = 2.33). No significant differences were
found for the other pairwise comparisons.
Well-being
The results for well-being are presented in Fig 3. A significant main effect of Time was found
(F(2.11, 183.34) = 62.81, p< .001, n2 = .42), indicating that the stress manipulation was effective
in reducing self-reported well-being (see Fig 3). A trend towards significance was found for the
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interaction effect between Time and Type of Manipulation (F(2.11, 183.34) = 2.92, p = .05, n2 =
.03), indicating higher self-reported well-being after the condition for both intervention condi-
tions combined (with and without verbal suggestions) compared to the control condition (see
Fig 3). Exploratory pairwise comparisons did not yield any significant group differences.
Positive and negative affect
The results for positive and negative affect are presented in Fig 4a and 4b, respectively. For
positive affect, a significant main effect of Time was found (F(3.35, 291.70) = 19.75, p< .001,
Fig 1. Flowchart of the present study.
https://doi.org/10.1371/journal.pone.0220112.g001
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n2 = .19), indicating that the TSST reduced self-reported positive affect. No significant interac-
tion effect was found between Time and Type of Manipulation, indicating that positive affect
was not influenced differentially between conditions.
For negative affect, a significant main effect of Time was found, F(1.83, 158.96) = 39.40, p<
.001, n2 = .31, indicating that the TSST was effective in increasing self-reported negative affect.
No interaction effect was found between time and Type of Manipulation, indicating that nega-
tive affect was not influenced differentially between conditions.
Heart rate and skin conductance
The results for heart rate and skin conductance are presented in Fig 5a and 5b, respectively.
For heart rate, a significant main effect of Time was found (F(1.85, 151.50) = 178.10, p< .001,
n2 = .69), indicating that the TSST was effective in increasing heart rate. No significant interac-
tion effect between Time and Type of Manipulation was observed, indicating that heart rate
was not affected differentially between conditions.
For skin conductance, a significant main effect of Time was found (F(2.43, 203.70) = 68.68,
p< .001, n2 = .45), indicating that the TSST was effective in increasing skin conductance. In
addition, a significant interaction effect between Time and Type of Manipulation was observed
(F(2.43, 203.70) = 4.67, p = .007, n2 = .05), showing that skin conductance was affected differ-
entially between conditions. Holm’s corrected ANOVAs showed no significant differences
between the combined relaxation intervention groups and the control group on any of the spe-
cific time intervals. Exploratory, pairwise comparisons across time points showed a significant
difference between the control condition and verbal suggestions only condition (F (2.20,
125.49) = 8.61, p adjusted< .001, n2 = .13), with no other significant group differences found
(p-values > .05). Post hoc pairwise comparisons on the various time intervals showed a signifi-
cantly higher skin conductance rise in the verbal suggestions versus control condition from
baseline to during the TSST (M = 3.14, SD = 1.10 vs. M = 2.27, SD = 1.02; p adjusted = .01),
Table 1. Descriptive baseline statistics (mean and standard deviations) for the four conditions separately.
Brief relaxation intervention + verbal suggestions
(N = 30)
Brief relaxation intervention only
(N = 30)
Verbal suggestions only
(N = 30)
Control
(N = 30)
Sex, n female (%)
Mean (SD)
26 (86.7%) 23 (76.7%) 23 (76.7%) 25 (83.3%)
Age 22.5 (2.1) 22.0 (2.4) 21.7 (2.3) 22.3 (2.2)
Perceived stress 22.8 (4.2) 22.7 (5.6) 23.7 (4.5) 23.1 (5.8)
State anxiety 8.9 (2.1) 9.3 (3.0) 10.1 (2.7) 9.6 (2.4)
Well-being 56.7 (6.4) 55.9 (9.1) 53.7 (8.6) 54.3 (8.4)
Positive affect 28.4 (6.9) 27.0 (6.1) 26.8 (7.2) 27.6 (6.5)
Negative affect 12.2 (2.5) 12.0 (2.7) 12.4 (2.6) 11.9 (2.3)
Heart rate in beats per minute 74 (10)1 70 (8) 74 (9) 73 (8)2
Skin conductance in
microsiemens
3.5 (1.9)3 2.6 (1.0)1 3.7 (1.7)3 3.3 (1.5)
Cortisol in nmol/L 5.6 (3.1) 4.5 (1.8)3 6.3 (2.1)3 5.1 (3.0)3
Alpha-amylase in U/L 103.4 (66.5) 140.0 (93.8)3 117.3 (98.4)3 172.1
(126.9)3
Note. SD = standard deviation, nmol/L = nanomoles/liter, U/L = units/liter.
1N = 28
2N = 27
3N = 29
https://doi.org/10.1371/journal.pone.0220112.t001
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directly post- TSST (M = 1.66, SD = 1.31 vs. M = 0.89, SD = .99; p adjusted = .03), 10 minutes
after the TSST (M = 1.60, SD = 1.47 vs. M = 0.65, SD = .97; p adjusted = .02), and 20 minutes
after the TSST (M = 1.66, SD = 1.43 vs. M = .62, SD = .93; p adjusted = .01).
Cortisol and alpha-amylase
Fig 6a and 6b present the results on cortisol and alpha-amylase, respectively. For cortisol, the
AUCg data were not normally distributed and, therefore, a logarithmic transformation was
applied. No significant group differences were found for cortisol (p> .60).
For the AUCg data on alpha-amylase, a trend towards significance was found (F (1, 84) =
3.44, p = .07), in that both intervention conditions combined showed a marginally lower level
of AUCg alpha-amylase compared to the control condition.
Discussion
The present experimental proof-of-concept study investigated for the first time the effects of a
brief relaxation intervention and the role of verbal suggestions on stress-related outcomes by
exposing participants between 18 and 35 years of age to a psychosocial stress challenge. After
the brief relaxation interventions (with or without verbal suggestions), lower self-reported
state anxiety was found compared to the control condition. This effect was only seen directly
Fig 2. State anxiety levels for the four conditions on the various time points. The x-axis represents the various time points, whereas the
y-axis represents the level of self-reported state anxiety. A higher score on the y-axis represents a higher level of state anxiety.
https://doi.org/10.1371/journal.pone.0220112.g002
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after relaxation, however, and did not impact the subsequent psychosocial stress challenge. No
significant effects of the relaxation interventions were found for other self-reported outcomes
or the psychophysiological outcome data. In addition, no support was found for the add-on
effectiveness of verbal suggestions. By applying an innovative design including four different
conditions and evaluating them with various self-reported as well as psychophysiological out-
come measures, the present study provides preliminary support for the effectiveness of a brief
relaxation intervention on reducing state anxiety.
The present study demonstrated the effectiveness of a brief relaxation intervention in
reducing state anxiety and, moreover, was the first in investigating whether verbal suggestions,
based on inducing positive outcome expectancies, can strengthen the effects of a relaxation
intervention. This study did not find support for the add-on effectiveness of verbal suggestions.
Nonetheless, it is premature to conclude that verbal suggestions do not have any add-on effects
on relaxation interventions. As the present experimental proof-of-concept study first evaluated
the effectiveness of relaxation on the stress response, before evaluating the add-on effectiveness
of the verbal suggestions, the present study had a good power to detect the effects of both brief
relaxation interventions versus the control condition, but potentially lower power to detect
effects in the separate conditions. Therefore, more research with larger sample sizes is needed
to gain more insight into the specific add-on effects of the verbal suggestions. When determin-
ing the required sample size, future studies should take the effect size of the verbal suggestions
only condition or the combined relaxation and verbal suggestions condition into account,
Fig 3. Levels of well-being for the four conditions on the various time points. The x-axis represents the various time points,
whereas the y-axis represents the level of self-reported well-being. A higher score on the y-axis represents a higher level of well-
being.
https://doi.org/10.1371/journal.pone.0220112.g003
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Fig 4. Levels of positive affect (Fig 4a) and negative affect (Fig 4b) for the four conditions on the various time points. The x-axis represents
the various time points, whereas the y-axis represents the level of self-reported positive affect or negative affect, respectively. A higher score on
the y-axis represents a higher level of positive affect or negative affect, respectively.
https://doi.org/10.1371/journal.pone.0220112.g004
Fig 5. Mean heart rate in beats per minute (Fig 5a) and skin conductance in microsiemens (Fig 5b) for the four conditions on the various
time points during the lab session. The x-axis represents the various time points, whereas the y-axis represents the mean heart rate and skin
conductance, respectively. A higher unit on the y-axis represents a higher mean heart rate level or skin conductance, respectively. Note that the
results are presented in a restricted range for a more clear view on the data.
https://doi.org/10.1371/journal.pone.0220112.g005
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depending on their specific research question. In the placebo literature, the effectiveness of
verbal suggestions on health outcomes is well-described [13, 14]. Moreover, the verbal sugges-
tions used in the present study were formulated rather generic (i.e., to address a broad target
population) encompassing multiple relaxation components, whereas verbal suggestions in pla-
cebo literature are usually focused on a specific sensation or manipulation [30]. It could be
that participants did not benefit from the verbal suggestions just because they could not pick
up the link between the verbal suggestions and the upcoming stress challenge. Future studies
should therefore investigate whether formulating the verbal suggestions more specifically (e.g.,
providing concrete examples of the benefits of stress management and providing more infor-
mation on the link between the components of the verbal suggestions and the actual relaxation
response) can optimize stress responses. In addition, the effectiveness of the verbal suggestions
should be further elucidated in future research by incorporating various types of verbal sugges-
tions, e.g., varying in the details that are provided concerning stress-management techniques,
the details of the effectiveness of stress management, as well as varying the number of times
the verbal suggestions are provided to participants or by providing participants with booster
verbal suggestions (e.g., by exposing participants in the verbal suggestions only condition with
multiple booster suggestions, as in the present study this condition was provided only once
with the verbal suggestion and directly followed by the psychosocial stress challenge). The role
of verbal suggestions in optimizing psychological interventions is not only of scientific rele-
vance, but also of clinical relevance. When it turns out that verbal suggestions are an effective
add-on tool, the communication between patients and health professionals can be optimized
by applying verbal suggestions to influence outcome expectancies [31]. Due to ethical con-
cerns, an open-label approach seems to be the most appropriate approach to use in communi-
cation with patients [32].
The brief relaxation intervention resulted in lower self-reported state anxiety after both
brief relaxation intervention conditions combined (with and without verbal suggestions) com-
pared to the control condition. However, no group differences were observed after the psycho-
social challenge. This finding is in accordance with a previous pilot study, also reporting a
significantly lower self-reported state anxiety after a stress management intervention, but not
Fig 6. Levels of cortisol in nanomoles per liter (Fig 6a) and alpha-amylase in units per liter (Fig 6b) for the four
conditions on the various time points during the lab session. The x-axis represents the various time points, whereas
the y-axis represents the level of cortisol and alpha-amylase, respectively. A higher unit on the y-axis represents a
higher level of cortisol or alpha-amylase, respectively. Note that the results are presented in a restricted range for a
more clear view on the data.
https://doi.org/10.1371/journal.pone.0220112.g006
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after the TSST [9]. The results for self-reported well-being were in line with the results for self-
reported state anxiety as a trend was found for a higher level of self-reported well-being after
both brief relaxation interventions combined (with and without verbal suggestions), compared
to the control condition, although pairwise comparisons did not yield any significant differ-
ences. As the results on state anxiety were only seen directly after the intervention and not in
response to the psychosocial stress challenge, it might be that a brief relaxation intervention is
not effective enough to buffer the effects of stress in response to a challenge. An alternative
explanation can be found in the type of stressor that was used. The TSST is a well-validated
stressor that is commonly used in research [17]. It is, however, a rather robust acute stressor
and as all participants show increased stress levels by this task, it might therefore be difficult to
differentiate between the stress responses of the present incorporated experimental and con-
trol conditions after the TSST. A previous study comparing the TSST to another stressor, i.e., a
cold pressor test (CPT), demonstrated that the TSST was most effective in activating the hypo-
thalamic-pituitary-adrenal (HPA) and sympathetic-adrenal-medullary (SAM) axis, whereas
with the CPT a differential response pattern between various included populations could be
identified. However, the CPT concerns a stressor of shorter duration, which can impact the
time course of the response [33]. Future research might therefore incorporate various stressors
(e.g., anticipatory and social evaluative stressors as well as a more physical stressors) in order
to investigate the potential generalizing effects of a brief relaxation intervention to other stress-
ors and the potential added value of verbal suggestions thereon. In addition, future studies
might consider incorporating participants who are at risk for inadequate coping with stress
(e.g., participants with high trait anxiety), as well as participants with a predisposition for high
levels of stress in order to see whether the intervention can be used to optimize stress manage-
ment skills in specific target populations.
For the psychophysiological outcomes, a trend was found for both brief relaxation interven-
tion conditions combined (with and without verbal suggestions) showing a lower overall
alpha-amylase concentration as compared to the control condition. As lower concentrations
of alpha-amylase are related to lower autonomic nervous system arousal, this finding is in
accordance with our expectation that both brief relaxation intervention conditions would
result in a lower stress response. However, this finding should be interpreted with caution,
since only a trend was found. Additionally, this trend was not supported by the other psycho-
physiological outcome measures, as no significant group differences were found for heart rate
(also reflecting autonomous nervous system reactivity) and cortisol (reflecting activation of
the HPA-axis). The results on the psychophysiological outcome data in the present study,
therefore, warrant further research.
Next to the innovative features incorporated in the present study, i.e., incorporating four
different experimental conditions, incorporating a psychosocial challenge to observe the effects
of a brief relaxation intervention accompanied or not with a verbal suggestion on state anxiety,
and incorporating self-reported as well as psychophysiological outcome measures, there are
some limitations that should be noted as well. First of all, the present study was based on a
rather highly educated sample, limiting its generalizability. Second, although TSST panel
members and test leaders had to behave strictly according to a predefined script and we do not
have indications that their behaviors varied along the condition to which participants were
randomized, research personnel were not blinded to the allocation procedures. In order to
exclude any performance bias, future studies should make both test leaders and TSST panel
members blind for allocation by including a third independent researcher that performs ran-
domization and subsequently completes the condition with participants, but is not involved in
other parts of the study. Third, we did not include a manipulation check to evaluate whether
the verbal suggestions were credible to participants. Finally, the present study did incorporate
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a brief relaxation intervention that was not necessarily tailored to the specific needs of the par-
ticipant. Possibly, some participants already possessed the skills that were provided to them in
the brief relaxation intervention, whereas others might have had difficulties with acquiring
coping skills from the intervention. Therefore, future studies may tailor the intervention by
guiding the relaxation practice according to the specific challenge they are faced with and eval-
uate whether participants actually pick up the link between the instructions and handling with
the upcoming stress challenge.
In conclusion, the present experimental proof-of-concept study found some preliminary
support for the effectiveness of a brief relaxation intervention, with or without verbal sugges-
tions, in decreasing state anxiety. These effects occurred directly after the condition, but not
after a psychosocial challenge. No add-on effect of verbal suggestions was found in the present
study. Future studies should further investigate the effectiveness of brief relaxation interven-
tions on stress responses by tailoring the intervention to the specific challenges and by incor-
porating other (more sensitive) psychosocial challenges. In addition, future research should
further elucidate the role of verbal suggestions by incorporating various types of verbal sugges-
tions and manipulate the number of times the verbal suggestions are provided.
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